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Abstract 
Mental imagery may occur in any sensory modality, although visual imagery has 
been most studied. A sensitive measure of the vividness of imagery across a range 
of modalities is needed: the shorter version of Bett’s QMI (Sheehan, 1967) uses 
outdated items and has an unreliable factor structure. We report the development 
and initial validation of the Plymouth Sensory Imagery Questionnaire (Psi-Q) 
comprising items for each of the following modalities: Vision, Sound, Smell, Taste, 
Touch, Bodily Sensation and Emotional Feeling. An Exploratory Factor Analysis on a 
35-item form indicated that these modalities formed separate factors, rather than a 
single imagery factor, and this was replicated by confirmatory factor analysis. The 
Psi-Q was validated against the Spontaneous Use of Imagery Scale (Reisberg, 
Pearson & Kosslyn, 2003) and Marks’ (1995) Vividness of Visual Imagery 
Questionnaire-2. A short 21-item form comprising the best three items from the 
seven factors correlated with the total score and subscales of the full form, and with 
the VVIQ-2. Inspection of the data shows that while visual and sound imagery is most 
often rated as vivid, individuals who rate one modality as strong and the other as 
weak are not uncommon. Findings are interpreted within a working memory 
framework and point to the need for further research to identify the specific cognitive 
processes underlying the vividness of imagery across sensory modalities. 
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Assessing Vividness of Mental Imagery: The Plymouth Sensory Imagery 
Questionnaire 
Mental imagery is often described as ‘seeing with the mind's eye’, ‘hearing with 
the mind's ear’, and so on (Kosslyn, Ganis, & Thompson, 2001; p. 635). Although 
visual imagery has been most intensively investigated, imagery can occur in any of 
the sensory modalities. Imagery allows us to ‘mentally time travel’ by recreating the 
past and simulating the future (Moulton & Kosslyn, 2009; Schacter, Addis, & 
Buckner, 2007), and plays a key role in our understanding of cognitive function. 
Imagery has been ascribed a functional role in motivation (Kavanagh, Andrade, & 
May, 2005), problem solving (Kozhevnikov, Motes, & Hegarty, 2007; Schwartz & 
Black, 1996), and the maintenance and treatment of clinical disorders (Hackmann, 
Bennett-Levy, & Holmes, 2011; Holmes & Mathews, 2010). 
Since Galton (1883), vividness has been identified as a critical measure of 
imagery experience and intensity. The study of the subjective experience of imagery 
has been controversial, with justifiable concerns in relation to introspection (e.g., 
Baddeley & Andrade, 2000; Kosslyn, et al., 2001; Pearson, Rademaker, & Tong, 
2011; Pylyshyn, 2003), but there is evidence that participants’ reports of image 
vividness respond in predictable, and sometimes counter-intuitive, ways to 
experimental manipulations (Andrade, Kavanagh, & Baddeley, 1997; Baddeley & 
Andrade, 2000). In support of arguments that imagery plays a functional role in 
human behavior and well-being, vividness of imagery has been associated with 
motivation strength (Kavanagh, May, & Andrade, 2009), personality traits (Morris & 
Gale, 1974), motor performance (Callow, Roberts, & Fawkes, 2006), mood (Morina, 
Psi-Q: Plymouth Sensory Imagery Questionnaire 4 
 
 
Deeprose, Pusowski, Schmid, & Holmes, 2011), and physiological response (Lang, 
1979).  
Image vividness depends on the sensory and affective qualities of the concept 
or stimulus being imaged, availability and capacity of cognitive processes, and 
individual differences (Bywaters, Andrade, & Turpin, 2004). Baddeley and Andrade’s 
model of imagery explains the cognitive processes by which sensory information is 
incorporated into an image (Baddeley & Andrade, 2000). In a series of experiments, 
they found that concurrent tasks designed to load the phonological loop or 
visuospatial sketchpad of working memory reduced the vividness of imagery in the 
same modality, thus visual imagery was less vivid while tapping a pattern on a 
keypad than while counting aloud, whereas the converse was true for auditory 
imagery. There were also general effects on image vividness of performing a 
secondary task compared with imagery-alone conditions. Based on these findings, 
Baddeley and Andrade proposed a working memory account of image vividness in 
which vividness is determined by the extent to which people are able to temporarily 
store and manipulate sensory detail in working memory. According to their model, 
vividness will be determined by stored knowledge (e.g., Pearson & Hollings, 2013), 
available perceptual information, capacity of modality-specific short-term memory 
systems, executive processes involved in retrieval and manipulation of information, 
and the complexity of the stimulus being imaged, as images of dynamic scenes have 
been found to be less vivid than images of static scenes when imagery time is 
constrained, (Baddeley & Andrade, 2000). Although the processes of retrieval, 
storage and manipulation work in concert to generate, maintain and transform 
images (Baddeley & Andrade, 2000; Roberts, Callow, Hardy, Markland, & Bringer, 
2008), their separate contributions can be distinguished through experimental 
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(Kosslyn, Margolis, Barrett, Goldknopf, & Daly, 1990) and survey methods (Dean & 
Morris, 2003). 
 This paper tests the hypothesis that vividness of imagery depends on, and 
differs with, sensory modality. Baddeley and Andrade compared visual and auditory 
imagery because the cognitive processes involved in temporarily storing and 
manipulating information in those sensory domains are well specified (Baddeley & 
Andrade, 2000), but the broader field of situated or embodied cognition assumes that 
activation of concepts, including conscious imagery, is associated with activation of 
sensory, motor, and emotional content intrinsic to those concepts (Barsalou, 1999, 
2008). Consistent with this position is evidence for substantial overlap in the patterns 
of neural activation during imagery and actual perception (Ganis, Thompson, & 
Kosslyn, 2004; McNorgan, 2012). Furthermore, in support of the specific hypothesis 
that image vividness depends on reactivation of sensory information, there is 
tentative neuroimaging evidence that self-report ratings of vividness correlate with 
activation of the same sensory-specific cortices as perception (Cui, Jeter, Yang, 
Montague, & Eagleman, 2007; Herholz, Halpern, & Zatorre, 2012; Olivetti Belardinelli 
et al., 2009), though these studies were under-powered for the critical correlational 
analyses. Self-report ratings of imagery vividness also predict the perceptual 
consequences of that imagery on a binocular rivalry task (Pearson, et al., 2011), 
providing further evidence that individuals can reliably evaluate the vividness of 
imagery, and that vividness potentially reflects properties that influence perceptual 
and cognitive performance. 
There are several self-report measures of imagery vividness. Of these, the 
Vividness of Visual Imagery Questionnaire (VVIQ; Marks, 1973) and revised version 
(VVIQ-2; Marks, 1995)  are most commonly used but, as noted earlier, imagery can 
Psi-Q: Plymouth Sensory Imagery Questionnaire 6 
 
 
occur in any of the sensory modalities. Although visual imagery is the most frequently 
studied form of imagery, measures have been developed to address other 
modalities. In sports psychology, the Movement Imagery Questionnaire-Revised 
(MIQ-R; Hall & Martin, 1997) and the Vividness of Movement Imagery Questionnaire 
(VMIQ; Isaac, Marks & Russell, 1986; VMIQ-2; Roberts et al., 2008) include items on 
kinaesthetic imagery of a range of motor tasks, alongside items on different forms of 
visual imagery of these activities. A number of measures exist to assess imagery in 
other modalities, such as the Clarity of Auditory Imagery Scale (CAIS; Willander & 
Baraldi, 2010), and the Vividness of Olfactory Imagery Questionnaire (VOIQ; Gilbert, 
Crouch & Kemp, 1998) 
The focus of imagery scales upon single modalities limits their usefulness in 
research that investigates imagery across sensory modalities. A multi-sensory scale 
would be useful in several domains. In the clinical domain, it would facilitate the study 
of how individual differences in imagery contribute to differences in mood and 
responses to stressors. Disturbances in imagery across a range of sensory 
modalities have been identified, for example in social phobia individuals may 
experience distorted auditory imagery of how they imagine their voice comes across 
to others (Hirsch & Clark, 2007; Holmes, Arntz, & Smucker, 2007). Imagery for 
feelings and emotions, which is omitted from most vividness of imagery scales, has 
been associated with health anxiety, with clients detailing examples of imagery such 
as ‘what it would be like to have AIDS…feeling hopeless and desperate’ (Muse, 
McManus, Hackmann, & Williams, 2010; p. 795). In addition to visual imagery in 
post-traumatic stress disorder, hotspots in trauma memories may also include the 
sound of screaming or the feeling of a knife against one’s throat (Holmes, Grey, & 
Young, 2005). Detailed multi-sensorial imagery of “flash-forwards” to suicide has 
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been described in bipolar depression (Hales, Deeprose, Goodwin, & Holmes, 2011) 
and unipolar depression (Holmes, Crane, Fennell, & Williams, 2007). In addiction, 
alcohol-dependent clients report imagery of tasting and swallowing alcohol as well as 
visual images of drinking (Kavanagh et al, 2009; Statham, Connor, Kavanagh, et al., 
2011) and substance craving generally is associated with vivid and frequent olfactory 
and taste imagery (May, Andrade, Panabokke, & Kavanagh, 2004). Studies of 
individual differences in susceptibility to craving or anxiety disorders would benefit 
from a measure of vividness of imagery across sensory domains.  
A multi-sensory scale could also identify strengths and weaknesses in imagery, 
helping tailor movement learning programmes to individuals. Kinaesthetic imagery is 
a developing therapy in neurological rehabilitation (see review by Braun, Beurskens, 
Borm, Schack, & Wade, 2006). Kinaesthetic and somatic imagery are recognised as 
playing an important part in movement learning (Cross, Kraemer, Hamilton, Kelley, & 
Grafton, 2009; Schuster, Hilfiker, Amft, et al., 2011; Yaguez, Nagel, Hoffman, Wist & 
Homberg, 1998), and are a focus of research in dance and choreography (Jackson, 
2005; Krasnow, Chatfield, Barr, Jensen, & Dufek, 1997; Reason & Reynolds, 2010; 
May, Calvo-Merino, deLahunta, et al., 2011).  
Not only would a multisensory measure of image vividness contribute to the 
understanding of individual differences in mood states, psychological disorders, 
mental rehearsal and motivation, it is also essential for furthering our understanding 
of the basic neural and cognitive processes underpinning imagery. The studies cited 
above, showing that image vividness is associated with activation in sensory cortices 
(Cui, et al., 2007; Herholz, et al., 2012), used modality-specific measures of 
vividness, that is, the VVIQ and the Bucknell Auditory Imagery Scale (Zatorre, 
Halpern, & Bouffard, 2010). To demonstrate that sensory activation is specific to the 
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modality of imagery, and that vividness depends upon that sensory activation, 
researchers need to compare areas of brain activation and vividness of imagery 
across a range of imagery modalities (Olivetti Belardinelli et al., 2009). A 
multisensory measure of vividness would help identify the modality-general and 
modality-specific contributions to imagery and image vividness (Daselaar, Porat, 
Huijbers, & Pennartz, 2010; McNorgan, 2012).  
A multisensory measures does exist: Bett’s Questionnaire upon Mental Imagery 
(QMI; Betts, 1909) was an early attempt to extend Galton’s work on imagery. It 
assesses vividness of imagery across seven sensory modalities: visual, auditory, 
cutaneous (i.e., touch), kinaesthetic (i.e., movement), gustatory (i.e., taste), olfactory 
(i.e., smell) and organic (i.e., feeling or emotion). However, it consists of 150 items 
and is often considered prohibitively long.  A shortened form consisting of a subset of 
35 items has been developed (Sheehan, 1967) but the factor structure has not been 
reliably confirmed. Richardson (1994, pp. 17-18) suggests that that the shortened 
QMI typically measures a single factor of general imagery vividness, although noting 
that secondary modality-specific factors have occasionally been found, and 
McAvinue and Robertson (2006-7, p.193) stated that ‘factor analyses of the 
questionnaire items have tended to reveal a large unitary factor representing general 
vividness of imagery and/or modality specific factors’.  Wagman and Stewart (1974) 
found a five factor structure with single or combined modalities, while Campos and 
Pérez-Fabello (2005) found eight factors in a Spanish translation, six matching 
modalities from the English original. White, Ashton and Law (1974) argued for a 
single imagery factor, with a large first factor representing demand characteristics 
and a smaller second factor representing relationships between modalities, and later 
showed that modality specific factors only emerged when the items were presented 
Psi-Q: Plymouth Sensory Imagery Questionnaire 9 
 
 
blocked in modality specific sets (White, Ashton & Law, 1978). Evidence for a single 
factor underpinning individual differences in image vividness across sensory 
modalities is problematic for approaches that assume a contribution of modality-
specific processing to image vividness (Baddeley & Andrade, 2000; Barsalou, 2008), 
and contradicts neuroimaging evidence relating vividness to activation in sensory 
cortices (Cui et al., 2007; Herholz et al., 2012; Olivetti Belardinelli et al., 2009). A 
reliable measure of image vividness across modalities is needed to address this 
issue.  
It is possible that the uncertain factor structure of the QMI results from problems 
in the composition of the scale. The rating scale is non-intuitive, with vividness being 
scored from 1 ‘perfectly clear and vivid’ to 7 ‘no image present at all’. The word cues 
are lengthy, e.g., “Seeing, for a relative or friend, the precise carriage, length of step, 
etc., in walking”, and language is often outdated, e.g., ‘Seeing the colour and shine of 
silverware’, hearing ‘the sound of escaping steam’.  
This paper reports the Plymouth Sensory Imagery Questionnaire (Psi-Q), which 
overcomes the limitations of the QMI discussed above to provide a measure of 
vividness of imagery across a range of sensory modalities – visual, auditory, 
olfactory, taste, touch, bodily sensation, and emotional feeling - that is suitable for 
use across the breadth of research domains where imagery is a variable of interest. 
The paper presents initial psychometric validation of the Psi-Q including factor 
analysis, internal consistency of the entire scale and modality-specific subscales, and 
relationship to other measures of trait imagery. Due to the similarity of the Psi-Q to 
the QMI and VVIQ in obtaining vividness ratings, and the derivation of all three 
measures from Bett’s QMI, we first compared it to the Spontaneous Use of Imagery 
Scale (SUIS; Reisberg, Pearson, & Kosslyn, 2003) to evaluate its construct validity. 
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The SUIS measures the tendency to use mental imagery in a range of everyday 
situations.  We also present an initial validation of a short-form of the Psi-Q in light of 
commonly held criticisms that existing multi-modal measures of imagery vividness 
(e.g., Sheehan, 1967) are excessively long and time-consuming to complete. 
Study 1: Exploratory Factor Analysis 
Method 
Scale construction 
Two of the authors (JA, SB) reviewed published versions of the QMI and VVIQ, 
and generated new items, with an aim of developing a set of items that sampled 
broadly across and within sensory modalities, assessing imagery for familiar and 
distinct sensations while avoiding items that might provoke very easy or stereotyped 
responses (for example, we selected ‘excited’ and ‘furious’ as emotional imagery 
items rather than ‘happy’ and ‘sad’ on this basis). We retained two items from 
Sheehan’s (1967) shortened QMI, reworded eight, and added 25 new items (see 
Table 1 for all Psi-Q items). Specifically, Sheehan’s visual scale contained four 
questions on the appearance of a friend and one on ‘the visual image you hold 
before your eyes when you think of a setting sun’. We reworded one item as ‘a friend 
you know well’, and a second as ‘a sunset’. From Sheehan’s auditory scale we 
reworded ‘the clapping of hands of applause’, the horn of a car’ and ‘the meowing of 
a cat’, but replaced ‘the whistle of train’ and ‘the sound of escaping steam’. From the 
‘cutaneous’ scale, we retained ‘fur’, reworded ‘sand’ and ‘a pinprick’, and dropped ‘a 
luke-warm bath’ and ‘linen’. From the ‘olfactory’ scale, we retained ‘a stuffy room’, 
reworded ‘freshly applied paint’, and dropped ‘boiling vegetables’, ‘roasting meat’ and 
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‘leather’. As taste and olfactory imagery are implicated in substance craving, we 
avoided items related to appetitive food and drink as far as possible. For the 
remaining three scales we developed 15 new items. 
Participants 
A total of 419 participants (79 males, 340 female), aged between 18.4 and 62.0 
years (median 21.8), completed an online survey advertised on the University 
website and through the online School of Psychology research participation system. 
All but six were in the UK, and all but three indicated that they were fluent in English. 
225 were studying Psychology at the University and completed the surveys for 
participation points that they could use to reward participants in their own research. 
Of the remaining 193, 39 were undergraduates, 20 were not associated with a 
University, and 134 were staff or postgraduates.  
Materials 
Plymouth Sensory Imagery Questionnaire (Psi-Q) This consisted of seven sets 
of five items, each set having a heading such as ‘Imagine the appearance of…’.and 
then five items (see Table 1 for content). Participants were asked to rate their image 
on an eleven-point scale anchored by ‘no image at all’ (0) and ‘as vivid as real life’ 
(10). 
Spontaneous Use of Imagery Scale (SUIS; Reisberg, Pearson & Kosslyn, 
2003). This contained twelve items, presented on a single page, which asked 
respondents to rate how often they engaged in visual imagery in their everyday 
activities. Typical items include ‘If I am looking for new furniture in a store, I always 
visualize what the furniture would look like in particular places in my home’ and 
‘When I first hear a friend’s voice, a visual image of him or her almost always springs 
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to mind’ The items were rated on a five point scale, anchored Never (1), About half 
the time (3), and Always (5). 
 
The SUIS and then the Psi-Q were presented as separate pages within the 
online survey, which also contained pages on smoking and intrusive thoughts (these 
are not reported here). Unlike the VVIQ, no instructions were given about keeping 
eyes open or shut, which is not necessary for the SUIS, nor relevant for 30 of the Psi-
Q items.  
Procedure 
Ethical consent for the study was obtained from the Faculty of Science and 
Technology Ethics Committee at Plymouth University. On accessing the link to the 
study, participants read a short description of the study and gave consent to take 
part. At the end of the survey they were thanked for participation and asked to pass 
the link on to their friends and colleagues. 
Results 
The mean score obtained on the SUIS was 3.43 (SD = 0.62), with scores 
ranging over almost the entire scale from 1.33 to 4.83. These scores are comparable 
to those reported by Reisberg et al., (2003), who obtained a mean of 3.11 (SD = 
0.66). 
Eleven participants selected the maximum answer of 10 for all of the Psi-Q 
items, and four others gave the same rating for all or all but one item, and so were 
excluded from further analysis. The overall mean of the Psi-Q for the remaining 404 
participants was 7.05 (SD = 1.61), with scores ranging from 1.11 to 9.94. Only 35 
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participants scored below 6, suggesting that most people were able to construct the 
images described by the items. The scale produced a Cronbach’s alpha of 0.96, with 
no improvement indicated by deleting any items. The Psi-Q items met the criteria for 
sampling adequacy (KMO = 0.95, Bartlett’s test of Sphericity p < .001) and so were 
then entered into a factor analysis (SPSS19, maximum likelihood, oblimin rotation), 
and seven factors were found with eigen-values > 1. A seven-factor extraction 
(Goodness of fit test: χ2(371)=889) corresponded to the seven imagery modalities 
(Table 1), with each item within a modality producing its strongest loading on the 
appropriate factor (all >.50), and with some items also having a weaker cross-loading 
on another factor (all between .50 and .60). Only one item in the visual, auditory and 
emotional factors produced such cross-loadings (‘the sound of hands clapping’ also 
loading on touch, which makes intuitive sense), but smell and taste produced several 
cross-loadings with each other, and the touch and body factors produced a variety of 
item-specific cross-loadings. A six factor solution combined the factors of Touch and 
Body but had a significantly worse fit (χ2(400)=1075; χ2-change(29)=186, p<.005), 
and a five-factor solution additionally combined Smell with Taste, and further 
worsened fit (χ2(430)=1370; χ2-change(30)=295, p<.005). The seven-factor solution 
retaining each modality was selected on grounds of interpretability and goodness of 
fit.1 
Insert Tables 1 and 2 about here 
                                                
1 As we had generated our items to produce seven modality specific subscales, a 
reviewer suggested that we ought to have used Confirmatory Factor Analysis in this 
study, rather than Exploratory Factor Analysis. Accordingly we repeated the analyses 
using CFA and found results consistent with those reported here. 
Psi-Q: Plymouth Sensory Imagery Questionnaire 14 
 
 
 
To examine the possible existence of a higher order vividness factor, mean 
scores were obtained for each of the imagery modalities (Table 2), and as these 
subscale means also met criteria for sampling adequacy (KMO = .892, Bartlett’s test 
of sphericity p < .001) a further factor analysis (SPSS19, maximum likelihood, 
oblimin) was attempted. This found only one factor with an eigen-value > 1, (χ2 (14)= 
90.2, p < .001), and the scree test indicated one or two factors. The minimum 
correlation between subscale means was .29 (vision – emotion), with all others 
between .40 and .71 (body-touch). A two factor extraction was attempted but this 
made fit worse (χ2 (8)= 47.3, p <.001; χ2-change(6)=41.9, p<.001), with the pattern 
matrix clustering the first five subscales (vision, sound, smell, taste and touch) on 
one factor, and the last two (body and emotion) on the second, although all 
subscales had loadings of .48 or above in the structure matrix. The one-factor 
solution for the second order structure is selected on the basis of eigen-values and 
goodness of fit tests. 
The SUIS scores correlated with the overall Psi-Q mean and with each of the 
imagery modality subscales (Table 2). Unsurprisingly, given the visual nature of the 
SUIS items, the highest correlation was with the vision subscale. Other correlations, 
although significant, were weak or negligible, reflecting differences between the Psi-
Q in assessing modality-specific imagery vividness, and the SUIS assessing general 
tendency to use visual imagery. 
An obvious question that these data can answer is whether people report a 
consistent profile in their imagery vividness, being above or below average across all 
modalities, or whether there exist individual differences in imagery profiles. As the 
correlations between modalities indicate, people tend to give similar mean ratings for 
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each modality, but this may reflect idiosyncratic use of the scale, with differing 
interpretations of what is meant by ‘vivid’. To remove the gross differences in mean 
vividness we normalized scores within participant (for all 35 items, subtracting their 
personal mean and dividing by their personal standard deviation), and then found the 
mean for each modality. A score above zero would indicate that the modality was 
above that person’s mean; a score below zero indicates that the modality is below a 
person’s mean.  In order of relative strength, vision produced a normalized mean of 
.46, touch .20, sound .08, body .03, emotion -.09, taste -.24, and smell -.43. These 
values indicate that vision and touch were the easiest modalities for people to 
imagine, and taste and smell the hardest. We then classified people as being ‘high’ in 
imagery for a modality if they were in the top third of the sample (N=133) on these 
standardized scores, and ‘low’ if they were in the bottom third (N=133). Over the 
whole sample, no-one was in the middle third for all modalities, only two were not in 
the bottom third for at least one modality, and only five were not in the top third for at 
least one modality; apart from these seven individuals, everyone was in the top third 
for at least one and the bottom third for another modality. For the most obvious 
contrast, vision-sound, 39 people (10%) were in the top third on vision but the bottom 
third on sound, and 33 (8%) were in the bottom third on vision, but the top third on 
sound. 51 (13%) were in the top third for both and 51 (13%) in the bottom third for 
both. There was no association between these two modalities χ2(4, N=404)=1.04, 
p=.10. 
Test-retest reliability 
Twenty-two months after the first survey, 62 of the 225 psychology 
undergraduates who were still attending Plymouth University were recontacted by 
email and asked to complete the Psi-Q and SUIS a second time, again in an online 
Psi-Q: Plymouth Sensory Imagery Questionnaire 16 
 
 
survey and in return for a participation point. This allowed us to compute test re-test 
reliability measures for both scales. Altogether 41 of the 62 completed the second set 
of tests (8 male). The means for this sample did not differ between test and retest 
(SUIS t(40)=1.7, p=.09; Psi-Q t(40)=0.83, p=.41). 
At retest, both scales showed good internal reliability: Psi-Q .97; SUIS .74; and 
the two scales correlated .40 overall (SUIS and the Vision subscale correlating .48). 
Overall, the test-retest reliability of SUIS was .53, and for Psi-Q .71. The subscales of 
the Psi-Q also showed good test-retest reliability, ranging from .84 (bodily sensation) 
to .43 (touch). The comparatively low value for touch is due to poor test-retest 
correlations for individual items in the subscale: the correlations for warm sand 
(r=.25), icy water (r=.30) and fur (r=.31) were among the lowest eight of the 35 items. 
Bodily sensation, on the other hand, contained the three items with the highest test-
retest correlations: walking briskly (r=.67), relaxing in a warm bath (r=.73), and 
threading a needle (r=.74). 
Study 2: Confirmatory Factor Analysis 
Method 
Participants 
Data were obtained from a further 223 participants (82 Males, 141 females; 
aged between 17 and 66, with a mean of 23.2 and a median of 21) taking part in an 
online study on “mental imagery, personality and mood” (additional data on 
personality and mood are not reported here). Twelve participants were identified who 
had also completed Study One, and so their data were not included in the analysis.  
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Materials 
The Psi-Q was unaltered from Study 1 except that responses were made on a 
seven-point scale (1-7) instead of the eleven point scale (0-10) used in Study 1.  
Procedure 
Ethical consent for the study was obtained from the Faculty of Science and 
Technology Ethics Committee at Plymouth University. Recruitment took the form of 
emails to students and staff, and advertisements placed on campus. On accessing 
the study hyperlink, participants were presented a short description of the study and 
confirmed consent to take part. On completion of the survey participants were 
thanked and asked to enter their email address if they wished to be entered into a 
prize draw. 
Results 
After rejecting two participants who had given the maximum response of 7 to all 
or all but one of the Psi-Q items, data met assumptions of sampling adequacy (KMO 
= .897; Bartletts’ Test of Sphericity p < .001) and produced a Cronbach’s alpha of 
0.93. We compared the seven factor structure obtained from Study 1 with a model 
including an additional second order Imagery factor, with a single Imagery factor 
model, and with an eight factor model that included a Common Method Variance 
factor linked to each item to test for bias due to the use of a common response 
format and all items being rated at a single, online testing session (Podsakoff, 
MacKenzie, Lee & Podsakoff, 2003). We examined the effect of including this factor 
upon standardized regression weights (a reduction >.2 being considered as 
indicating a contribution of common method variance).   
Psi-Q: Plymouth Sensory Imagery Questionnaire 18 
 
 
We compared the models using change in the model χ2 values,, and also 
examined the models’ χ2/df ratios (values greater than 3 indicating poor fit), their 
comparative fit indices (CFI, values <.95 indicating poor fit) and their root mean 
square error of approximation (RMSEA, values >.05 indicating poor fit), with the 
PClose statistic being used to test whether the RMSEA was greater than the .05 
threshold. Preliminary diagnostic tests conducted within AMOS19 indicated that the 
data did not meet assumptions for multivariate normality, with all items being 
negatively skewed, and so scores were reversed (subtracted from 8) and then log 
transformed. Following this, several items still had skewness or kurtosis values with 
critical ratios >2, and so we included a bootstrapping method (2000 iterations) to 
compute a Bollen-Stein corrected probability value for the model fit (p values <.05 
indicating poor fit).We also examined the Akaike Information Criterion (AIC), where 
lower values indicate better fit and parsimony (see Table 3).  
Insert Table 3 about here 
The seven-factor model of Study 1 was applied first, with modification indices 
being examined to specify covariance between measurement errors within the same 
factor.  Overall model fit was good, with all goodness of fit criteria indicating adequate 
fit (Table 3, Model 1), and all regression weights were statistically significant at p < 
.001. Modification indices indicated that the sound item ‘imagine the sound of 
children playing’ loaded on four other factors, and so the model was reevaluated 
without this item, improving fit significantly (Table 3 Model 2; change-χ2(33)=77, 
p<.001). 
 No other simple modification could be found that produced a better fit. The 
addition of a second order imagery factor produced a significantly worse fit (Table 3 
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Model 3; change-χ2(14)=111, p<.001), and a single factor imagery solution failed on 
all goodness of fit criteria (Table 3, Model 4). Adding a Common Method Variance 
factor to the full 7-factor model improved fit further (Table 3, Model 5; change-
χ2(35)=114, p<.001) but no regression weights fell by more than .06, and so common 
method variance does not seem to be affecting this analysis. 
The complete Psi-Q was then compared with a shortened form retaining three 
items from each modality with the highest factor loadings from Study One (indicated 
with asterisks in Table 1). The shortened 21-item scale included only five items 
based upon the original QMI items, and 16 new items. The seven factor model again 
fitted this set of items well according to all criteria (Table 3, Model 6), and adding a 
Common Method Variance factor again improved fit significantly (Table 3, Model 7; 
change-χ2(21)=62, p<.001), to the extent that the overall model χ2 also now indicated 
good fit (p=.082), but again none of the regression weights fell by more than 0.175, 
indicating little substantial influence of common method variance. Cronbach’s alpha 
for these 21 items was 0.91, and Subscale and Total scores were all highly 
correlated with their full-scale counterparts, all r > .89.  
Study 3: External Validity 
As a final check on the external validity of the Psi-Q, we compared it against the 
widely used VVIQ-2 (Marks, 1995). 
Method 
Participants 
A total of 212 (59 Male) participants aged between 18.4 and 66.0 years (median 
23.4) took part in an online questionnaire advertised through the School of 
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Psychology participation system and the University web pages. 148 participants were 
undergraduate students, and 30 were postgraduate students or academic staff. 48 of 
the undergraduates received a participation point for completing the survey (which 
they could use to reward participants in their own studies), and all other participants 
were entered into a prize draw for a £20 voucher. 
Materials 
Psi-Q: We presented the full version of the Psi-Q (Table 1) with the 11-point 
response scale used in Study 1, anchored ‘No image at all’ and ‘As vivid as real life’. 
Vividness of Visual Imagery Questionnaire (VVIQ-2; Marks, 1995). This 
consisted of four sets of four items, with each set asking respondents to imagine a 
particular scene, with their eyes open, and then answer four questions about the 
vividness of details within their image. The first set, for example, is based on the QMI 
and asks respondents to imagine a friend ‘whom you frequently see’, and then asks 
about ‘the exact contour of face, head, shoulders and body’, ‘characteristic poses of 
head, attitudes of body, etc’, ‘the precise carriage, length of step, etc in walking’, and 
‘the different colours worn in some familiar clothes’. The other sets refer to ‘the rising 
sun’, ‘the front of a shop’, and ‘a country scene’. We asked respondents to use the 
same rating options as Marks (1995), i.e., ‘no image at all, you only “know” that you 
are thinking of an object’, ‘vague and dim’, ‘moderately clear and vivid, ‘clear and 
reasonable vivid’ and ‘perfectly clear and vivid as normal vision’, but unlike the 
original, the least vivid was placed at the left and no numerical values were used, 
with respondents checking a circle. 
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The online survey first collected demographic details, and then presented some 
questions about participants’ smoking habits (as part of another study). Participants 
then completed the 35 item Psi-Q, followed by the 16-item VVIQ-2.  
Results 
The long form of the Psi-Q (M=5.8, SD=1.8) and the shorter 21 item form (M= 
6.7, SD=1.8) correlated r=.99 (p<.001), with subscales from the two forms correlating 
r>.95. Cronbach’s alpha for the long form was .96, for the short form .94. 
Both totals correlated with the VVIQ-2 (M=3.4, SD=0.8): Psi-Q r=.67, p<.001, 
Short form r=.66, p<.001. The subscales from the Psi-Q all correlated with the VVIQ-
2, ranging from r=.44 (short version, taste) to r=.60 (long version, auditory and 
touch). The Vision subscale correlated with the VVIQ-2 r=.52 (long version) and r=.51 
(short version), in the middle of the range of correlations. 
Discussion 
In contrast to previous evidence supporting a single factor of general imagery 
vividness on the short form of the QMI (White, et al., 1974; 1978; see also review by 
Richardson, 1994), our findings indicate that differences in imagery vividness 
between sensory modalities may be detected using sensitive and appropriate 
measures such as the Psi-Q. The shorter 21-item scale, with three items for each 
modality, performed as well as the longer version, and as at least one of the items 
from the longer form showed cross-loadings, the short form may be more appropriate 
for future use. 
The finding that different modalities of imagery are separable in terms of self-
reported vividness is consistent with neuroscientific research demonstrating modality 
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specific patterns of activation for both imagery and perception (Ganis et al., 2004; 
Plailly, Delon-Martin, & Royet, 2012; Schendan & Ganis, 2012). Different modalities 
of imagery have also been shown to dissociate both in healthy volunteers using 
experimental manipulations, and in neuropsychological patients following selective 
and specific damage to cerebral structures (Sirigu & Duhamed, 2001). These findings 
converge with theoretical working memory models proposing that the vividness of 
mental imagery is partly determined by the availability of modality-specific resources 
which maintain and manipulate information from long-term memory (Andrade, 
Kavanagh, & Baddeley, 1997; Baddeley & Andrade, 2000; Lilley, Andrade, Turpin, 
Sabin-Farrell, & Holmes, 2009). The findings are also consistent with theories that 
assume that imagery involves reactivation of associated perceptual, affective and 
motor information (Barsalou, 1999, 2008; Lang, 1979). 
Baddeley (1986) entertained the possibility that there would be temporary 
memory stores for modalities other than visual and auditory, but this idea has 
received little attention beyond some research on olfactory short-term memory 
(Andrade & Donaldson, 2007; Dade, Zatorre, Evans, & Jones-Gotman, 2001; White, 
Hornung, Kurtz, Treisman, & Sheehe, 1998; Zelano, Montag, Khan, & Sobel, 2009). 
Future research should test whether Baddeley and Andrade’s (2000) model of image 
vividness generalizes to imagery in the other modalities identified in the current 
study, including whether there are modality-specific short-term memory stores 
beyond those for auditory, visual and olfactory information. 
Although the vividness of imagery is to a certain extent modality-specific, the 
strong correlations between factors in the Psi-Q suggest some common factors are 
influencing performance, although the confirmatory factor analysis indicated that 
common method variance (Podsakoff et al., 2003) was not playing a large role. In the 
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exploratory analysis of Study 1 we did find a single second-order factor, but adding a 
second order ‘imagery’ factor to the confirmatory analysis in Study 2 worsened fit, so 
further work is needed to determine the relationships between the modality specific 
factors; this should ideally be driven by theoretical considerations. Experimental work 
by Baddeley and Andrade (2000) showed that general task load reduces the 
vividness of visual and auditory imagery, in addition to the detrimental effects of 
modality-specific interference from concurrent tasks (see also Gunter & Bodner, 
2008). The episodic buffer component of working memory has been proposed to 
account for such findings (Baddeley, 2000). The episodic buffer interacts with long-
term memory and forms a limited capacity temporary store for multi-modal 
representations, contributing to the vividness of multi-sensorial imagery. Where 
images are dynamic, such as images of complex sounds, changing scenes or body 
movements, executive processes are likely to be involved in manipulating and 
updating stored sensory representations (Baddeley & Andrade, 2000). The relative 
contributions of the episodic buffer, central executive, and modality-specific stores to 
imagery and image vividness in different modalities are as yet unknown. The Psi-Q 
provides a way of measuring and equating image vividness in such research. 
In the Introduction, we noted that disturbances in imagery are associated with a 
number of clinical disorders including social phobia, post-traumatic stress disorder, 
unipolar and biopolar depression and addiction. By assessing the vividness of 
imagery in multiple modalities within a single questionnaire, the Psi-Q allows the 
identification of the modalities which may be particularly relevant to a given disorder 
(or state), and impact of this state on imagery in other modalities. For example, are 
individuals with vivid taste imagery more prone to cravings for food or alcohol? The 
Psi-Q also offers the potential to test the relationship between trait imagery and 
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vulnerability to psychological disorders. Assessing imagery across modalities is likely 
to be critical in this regard. For example, heightened imagery has been proposed to 
be a trait marker for schizotypy, but this relationship is only apparent when imagery 
for a range of modalities has been assessed, rather than merely visual imagery (Bell 
& Halligan, 2010; Oertel, Rotarska-Jagiela, van de Ven, et al., 2009 ).The 
relationship between perception and the vividness of imagery in different modalities 
is a further area for research. Neuropsychological patients typically show deficits in 
visual imagery corresponding to perceptual deficits (Farah, 1988; Kosslyn, 2005; 
Kosslyn, Maljkovic, Hamilton, Horwitz, & Thompson, 1995), but this is not always the 
case. Vivid visual imagery in the form of behavioural performance and neural 
activation has been reported in a patient with near-complete cortical blindness 
(Bridge, Harrold, Holmes, Stokes, & Kennard, 2012). Conversely, selective deficits to 
visual imagery have been found in patients with intact visual perception (Zeman, 
Della Sala, Torrens, et al., 2010). However, these studies have typically focused on 
measuring imagery only in the visual modality. Psi-Q offers the potential to expand 
this work, for example, to test the impact of impairment to visual imagery on imagery 
in different modalities, and to test the impact of other sensory impairments to imagery 
in other modalities. 
In conclusion, in our development and initial validation of Psi-Q we address 
the need for a sensitive and valid multi-modality measure of image vividness for 
application in cognitive, neuroscientific, and clinical research, as well as imagery 
research per se. Consistent with working memory models, scores on the Psi-Q are 
subject to modality-general and modality-specific factors. Future research is needed 
to delineate the relative contributions of modality-general and modality-specific 
aspects of cognitive and neural function to the vividness of imagery in each modality. 
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 M SD Vis Aud Smell Taste Touch Body Emo CFA 
Imagine the appearance of…           
*a bonfire 7.8 1.9 .80       .69 
*a sunset 7.8 2.0 .79       .70 
*a cat climbing a tree 7.3 2.3 .74       .53 
a friend you know well 8.7 1.6 .56       .43 
the front door of your house 8.6 1.9 .53       .46 
Imagine the sound of…         
*the sound of a car horn 7.1 2.5  .86      .84 
*hands clapping in applause 7.5 2.4  .82   .53   .72 
*an ambulance siren. 7.4 2.4  .81      .70 
the sound of children playing 6.8 2.5  .79      .68 
the mewing of a cat 7.2 2.6  .73      .67 
Imagine the smell of…           
*newly cut grass 6.8 2.7   .86     .80 
*burning wood 6.3 2.8   .85 .57    .77 
*a rose 5.8 3.0   .80 .56    .64 
fresh paint 6.5 2.8   .79 .55    .82 
a stuffy room 5.4 3.0   .66 .55    .66 
Imagine the taste of           
*black pepper 6.0 2.9   .52 .86    .75 
*lemon 7.2 2.5   .54 .77 .55   .82 
*mustard 5.2 3.3   .54 .75    .57 
toothpaste 7.4 2.3   .54 .68 .54   .81 
sea water. 6.9 2.6   .59 .67 .53   .75 
Imagine touching…           
*fur 7.5 2.4  .56 .54  .86   .70 
*warm sand 7.4 2.4   .56  .84 .50  .73 
*a soft towel 7.4 2.3  .56 .54 .50 .83 .54  .80 
icy water 7.5 2.3     .79   .70 
the point of a pin 7.3 2.4     .78 .55  .64 
Imagine the bodily sensation of           
*relaxing in a warm bath 7.7 2.2   .51  .54 .82  .68 
*walking briskly in the cold 7.7 2.1     .60 .75  .67 
*jumping into a swimming pool 6.9 2.5      .72  .72 
having a sore throat 7.2 2.5      .68 .52 .63 
threading a needle 6.1 2.9     .51 .60  .61 
Imagine feeling           
*excited 7.4 2.4       .87 .81 
*relieved 7.0 2.6       .84 .80 
*scared 6.6 2.7       .71 .64 
furious 6.5 2.8       .66 .65 
in love 6.8 3.0       .65 .53 
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Table 1: Means and Standard Deviations of Psi-Q items from Study One (0-10), with loadings >.50 on 
each factor on the seven-factor solution, and the standardised regression weights on the same factor 
in the confirmatory factor analysis of Study Two (CFA) 
Note: Asterisked items (with the highest loadings in Study One) were retained in the short-form of the 
Psi-Q evaluated in Study Two 
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Table 2 
Descriptive statistics from Study 1 for the seven imagery modality subscales of the Psi-Q, and 
correlations between the subscales, scale total and SUIS. 
 M SD SUIS Psi-Q vision sound smell taste touch body 
vision 8.0 1.5 .33 .64       
sound 7.2 2.1 .20 .80 .56      
smell 6.2 2.4 .19 .84 .46 .60     
taste 6.5 2.2 .18 .81 .42 .56 .70    
touch 7.4 2.0 .19 .84 .44 .62 .65 .64   
body 7.1 2.0 .26 .85 .46 .58 .64 .62 .71  
emotion 6.9 2.1 .23 .68 .29 .46 .43 .40 .48 .59 
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Table 3. Fit indices from
 S
tudy 2 C
FA
 
 M
odel 
χ
2 
df 
χ
2/df 
B
ollen-Stein’s p 
C
FI 
R
M
SEA
 (90%
C
I) 
PC
lose 
A
IC
 
1. 7-factor, 35 item
s 
804 
531 
1.51 
.091 
.932 
.048 (.041-.055) 
.674 
1002 
2. 7-factor, 34 item
s 
730 
498 
1.47 
.144 
.940 
.046 (.038-.053) 
.834 
924 
3. M
odel 2 + Im
agery factor 
841 
512 
1.64 
.021 
.915 
.054 (.047-.060) 
.163 
1008 
4. 1-factor, 35 item
s 
1792 
552 
3.25 
<.001 
.692 
.101 (.095-.106) 
<.001 
1948 
5. M
odel 1 + C
M
V
 factor 
690 
496 
1.39 
.220 
.952 
.042 (.034-.049) 
.967 
957 
6. 7-factors, 21 item
s 
229 
164 
1.40 
.200 
.969 
.042 (.028-.055) 
.840 
363 
7. M
odel 6 + C
M
V
 factor 
167 
143 
1.17 
.519 
.989 
.028 (.000-.044) 
.992 
343 
 
C
FI: C
om
parative Fit Index; R
M
S
E
A
 (90%
C
I): R
oot m
ean square error approxim
ation w
ith 90%
 confidence interval; P
C
lose: 
probability of R
M
S
E
A
 <.05; A
IC
: A
kaike’s Inform
ation C
riterion; C
M
 factor: C
om
m
on M
ethod factor. 
 
